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Around the world hot-air heating is used as a quarantine treatment to control fruit fly larvae in mangoes. To
simulate hydrocooling water absorption in mangoes subjected to hot-air heating quarantine treatment, the
internalization of acid blue 9 dye was tested. Hot-air heating fruits (45 °C) had higher acid blue 9 dye infiltration
(2.26 %) compared to untreated control fruits (0.72 %). Higher dye infiltration was observed in heated fruits
(2.97 %) after 15 min of cold-water immersion than the 60 min required for 1.84 % infiltration in unheated

fruits. Regardless of treatment, dye infiltration occurred uniformly through the lenticels on the pericarp and
occasionally through the stem into the mesocarp. Thus, hot-air heating treatment followed by immersion in cold
water results in fast water infiltration, potentially allowing the internalization of food-borne pathogens if the
cooling water is not properly treated.

1. Introduction

In the United States of America, quarantine treatments are manda-
tory to control fruit fly larvae in mangoes, with hot-air heating
commonly employed worldwide [1]. Hot air is used until pulp temper-
ature reaches a target value necessary to eliminate specific pests [2].
After this treatment, mangoes should be cooled down to mitigate the
deleterious effects of hot air on metabolic processes such as transpira-
tion, respiration, and ethylene production [3]. In this regard, hydro-
cooling is a common cooling technique, that employs cold water to
efficiently remove heat. However, temperature differentials during
hydrocooling can enhance water absorption as the volume of the fruit
contracts upon cooling. This contraction creates a vacuum that pulls
cold water into the fruit through natural openings, driven by pressure
gradients [4,5]. In fresh products, key entry points include stem scars,
stomata, lenticels, and wounds [6], which can facilitate the internali-
zation of food-borne pathogens [7].

Larger temperature differentials amplify water absorption, but fac-
tors such as cultivars, immersion depth, and duration [8], opening type,

size, hydrophobicity [9], and the presence of injuries [10] also play
critical roles. For instance, papayas heated to 47 °C and cooled to
approximately 25 °C showed increased mass due to water absorption
[11]. Similarly, peppers harvested at 22-25 °C and cooled with 8 °C
water exhibited significant water uptake [12]. In mangoes, lenticels
formed from ruptured stomata during growth facilitate gas exchange
and transpiration [13].

Although acid blue 9 dye has been used to simulate hydrocooling
water absorption in many horticultural products [3,16], this dye has not
been tested in ‘Palmer’ mangoes subjected to hot-air quarantine treat-
ment. Thus, this study hypothesizes that hot-air treatment leads to water
absorption under hydrocooling conditions. This approach not only
mimics water absorption but also provides insights into the potential
internalization of food-borne pathogens, thereby enhancing strategies to
ensure food safety.
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2. Material and methods
2.1. Location and plant material

‘Palmer’ mangoes (Mangifera indica L.) were obtained from a com-
mercial orchard located in Candido Rodrigues, Sao Paulo, Brazil (lat. 21°
24' 23" S, long. 48° 30’ 20” W, 579 m altitude). Fruits were harvested at
maturity stage 3, characterized by a purple green epicarp and light-
yellow mesocarp. This maturity stage is commercially used to export
‘Palmer’ mangoes [14]. Fruits were selected to ensure uniform size
(~15 cm long, average weight of 350 g), without damage, and free from
pests and diseases.

2.2. Simulation of water infiltration

A total of 60 fruits were washed in running water and subsequently
allowed to dry at room temperature (approximately 25 °C). These fruits
were then heated in a forced air circulation chamber (Luca 82/250,
Lucadema, Brazil), measuring 34 x 34 x 36 cm, with airflow velocities
ranging from 0.5 to 2.0 m s}, until the pulp temperature reached 45 °C
[2]. Following this heating process, ten mangoes were immediately
immersed in 10 L of cold water (6 °C) containing 1 % (w/v) acid blue 9
dye (Chem-Impex International Inc., Wood Dale, IL) for intervals of 0, 5,
15, 30, 45, or 60 min [7]. Simultaneously, another batch of 60 fruits was
maintained at room temperature (approximately 25 °C) and immersed
in the same dye solution for equivalent durations, serving as the un-
treated control group. Furthermore, temperature estimation (field heat)
was conducted on 10 fruits using a calibrated thermometer.

Following immersion in the dye solution, the fruits were rinsed with
running water, dried with tissue paper, and subsequently stored in a cold
chamber maintained at 8.0 &+ 1.0 °C for 24 h. The assessment of acid
blue 9 dye infiltration was conducted by longitudinally sectioning the
fruits. Both halves were scanned, and the percentage of dye infiltration
into the mesocarp was quantified utilizing ImageJ software. The
experimental design employed was a completely randomized design
(CRD) in a factorial arrangement consisting of two factors (heated and
unheated) and six time intervals (0, 5, 15, 30, 45, or 60 min), with ten
replicates for each treatment, resulting in a total of 120 fruits.

2.3. Statistical analysis

The dye infiltration percentage data were subjected to analysis of
variance (ANOVA) using R software [15] and means were compared
using the Tukey test at a significance level of 0.05 %.

3. Results and discussion

Hot-air heating fruits (45 °C) had higher acid blue 9 dye infiltration
(2.3 %) compared to untreated control fruits (0.7 %). The process
occurred rapidly, with higher infiltration observed in heated fruits (3.0
%) after 15 min of cold-water immersion, in contrast to 60 min required
for 1.8 % infiltration in unheated fruits (Table 1). Regardless of treat-
ment, the skin’s lenticels were the main point of dye infiltration into the
mesocarp (Fig. 1).

Temperature differentials promoted higher and faster acid blue 9 dye
infiltration in heated fruits (45 °C) compared to fruits at ambient tem-
perature (~25 °C). This temperature differential likely stimulated water
absorption due to fruit volume expansion, creating a pressure gradient
[5].

A similar study involving the absorption of acid blue 9 dye in
Cantaloupe melons showed higher infiltration in melons heated to 42 °C
and cooled to 6 °C compared to those heated to 18 °C [7]. ‘Tommy
Atkins’ mangoes also exhibited higher dye infiltration rates when heated
to 47 °C and cooled in colder water (24 °C) [16]. A temperature dif-
ferential of 17 °C between oranges and a cooler dye solution resulted in
increased dye infiltration [17]. All in all, these reports confirm that
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Table 1

Percentage (%) of acid blue 9 dye infiltration in ‘Palmer’ mangoes treated or not
with hot-air heating (45 °C) under different immersion times in cold water at
6.0 °C.

Immersion time (minutes) Treatments

Hot-air heating 45 °C Control ~25 °C

0 0.0 £0.0 cA 0.0 £ 0.0 eA

1.8 £ 0.2 bA 0.0 £0.0eB
15 3.0+ 0.1 aA 0.3+ 0.1dB
30 29 +0.2aA 0.8 £ 0.1 cB
45 3.0£0.2aA 1.4+0.1bB
60 29+ 0.2aA 1.8+ 0.1 aB
SD (%) 2.3 0.7

Means followed by the same letters, lowercase within the columns (immersion
times) and uppercase within a row (with and without heating), do not differ
from each other according to the Tukey test (p < 0.05).

Immersion time (minutes)

Treatments 0 5 15 30 45 60

/\f 2 /N'\

/qu\)

Hot-air heating |

(45°0)

s £
Control “ ‘ | { , \
= A A A A A J

Fig. 1. Acid blue 9 dye infiltration in ‘Palmer’ mangoes treated with hot-air
heating (45 °C) or not (control) under different immersion times in cold
water at 6.0 °C. The arrows indicate the dye infiltration in the pericarp
and mesocarp.

larger temperature differentials amplify water absorption. However, as
internal intercellular space within the fruit is finite and not continuous,
there is a limit to water entry into these spaces, which explains the dye’s
reduced infiltration after 15 min of immersion in cold water of fruit
previously treated with hot air. The rapid water infiltration likely led to
internal gas expansion, increasing its density, and reducing water ab-
sorption [18].

In general, dye infiltration into the skin occurred uniformly, possibly
due to the pores (lenticels) present in this tissue [19], allowing water
influx. In the mesocarp, infiltration was much lower, primarily occur-
ring through the stem opening and occasionally spreading through
vascular bundles (Fig. 1). Moreover, lenticel distribution in mangoes is
2-3 times greater in the apical region than in the middle or the shoulder
[20], which can explain the greater dye internalization in this part of the
fruit.

4. Conclusions

Hot-air heating of ‘Palmer’ mangoes for 15 min was sufficient to
achieve maximum dye absorption, indicating the potential for hydro-
cooling water infiltration. Regardless of the cooling duration, dye ab-
sorption occurred consistently through the lenticels on the skin and
occasionally through the stem into the mesocarp. The process of hot-air
heating, when followed by immersion in cold water, promotes rapid
water absorption. If the cooling water is inadequately treated, there is a
potential risk for the internalization of food-borne pathogens. Imple-
menting appropriate measures to ensure water safety during hydro-
cooling is therefore strongly recommended to protect the quality and
safety of the mangoes.
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